Mebeverine hydrochloride (MB), 4-[ethyl(4-methoxy-α-methylphenethyl)amino]butyl veratrate hydrochloride [2753-45-9], is a potent direct antispasmodic acting mainly on the smooth muscles of the gastrointestinal tract; it is particularly effective against colonic spasms. 1 Sulpiride (SU), N-(1-ethylpyrrolidin-2-ylmethyl)-2-methoxy-5-sulfamoyl benzamide [15676-16-1], is a substituted benzamide antipsychotic which is reported to be a selective antagonist of central dopamine (D2, D3 and D4) receptors. It is also claimed to have mood-elevating properties.
Introduction
Mebeverine hydrochloride (MB), 4-[ethyl(4-methoxy-α-methylphenethyl)amino]butyl veratrate hydrochloride [2753-45-9] , is a potent direct antispasmodic acting mainly on the smooth muscles of the gastrointestinal tract; it is particularly effective against colonic spasms. 1 Sulpiride (SU), N-(1-ethylpyrrolidin-2-ylmethyl)-2-methoxy-5-sulfamoyl benzamide [15676- , is a substituted benzamide antipsychotic which is reported to be a selective antagonist of central dopamine (D2, D3 and D4) receptors. It is also claimed to have mood-elevating properties. 1 The binary mixture of the two drugs is used in the treatment of gastointestinal and colic spasms, specially in the presence of psychasomatic manifestations of nervous tension, mental stress or anxiety. Several analytical methods have been used for the determination of MB, including high performance liquid chromatography (HPLC), [2] [3] [4] thin layer chromatography (TLC), 5, 6 spectrophotometric methods [7] [8] [9] [10] and derivative UV spectrophotometric method in the presence of their alkaline induced degradation products. 11 A literature survey also reveals several methods for assaying SU, involving HPLC, 4, [12] [13] [14] [15] TLC, 16, 17 fluorometric, 18 spectrophotometric, 19, 20 flow injection chemiluminometric, 21 capillary electrophoresis, 22 oscillopolarographic, 23 and adsorptive stripping voltammetric 24 methods. El-Walily et al. 25 first used derivative UV spectrophotometry, TLC-densitometry and HPLC for the simultaneous determination of both of these two compounds in pharmaceutical tablets. In this study, ratio spectra first derivative spectrophotometry and classical least squares method are proposed for simultaneous determination of MB and SU in their mixtures and their pharmaceutical preparation, Colona tablets. The proposed ratio spectra first derivative method was found to be more sensitive than the published UV first derivative method 25 (Beer's law linear range was 4.0 -40.0 and 1.0 -10.0 µg/ml for MB and SU, respectively while the linear range was 10.0 -30.0 and 2.0 -8.0 µg/ml in the first derivative published method). The proposed chemometric method was more rapid, simple than the published methods. 25 Also, the proposed methods can be used as alternative methods to those reported for the simultaneous determination of MB and SU.
Experimental

Apparatus
A Shimadzu 1601 double beam UV-Vis spectrophotometer with a fixed slit width (2 nm) connected to an IBM compatible computer and a HP 600 inkjet printer was used. The bundled software was UV PC personal spectroscopy version 3.91 (Shimadzu).
Materials
MB, SU and Colona tablets containing 100 mg MB and 25 mg SU per tablet, were kindly supplied by Rameda (6 October City, Egypt). Analytical grade methanol and hydrochloric acid were used throughout these experiments.
Standard solutions
Stock solutions of MB and of SU were prepared separately by dissolving 100 mg and 10 mg of each drug, respectively, in 100 ml methanol. The standard solutions were prepared by dilution of the stock solutions with 0.1 M HCl to reach a concentration range of 4 -20 and 1 -10 µg/ml for MB and SU, respectively. 
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Two methods are described for the simultaneous determination of mebeverine hydrochloride (MB) and sulpiride (SU) in their combinations. The first method depends on the first derivative of the ratio spectra by measurement of the amplitudes at 263.7 and 234.9 nm for MB and SU, respectively. The linear ranges and detection limits are 4.0 -40.0 and 0.72 µg/ml for MB and 1.0 -10.0 and 0.34 µg/ml for SU. In the second case, a chemometric (classical least squares) method was developed. The concentration data matrices were obtained by using different concentrations of pure drugs in 0.1 M HCl. The absorbance data matrix corresponding to each concentration data matrix was obtained by the measurements of absorbances in the range 200 -300 nm in their zero order spectra; then calibration was obtained by using the absorbance data matrix and the concentration data matrix for the prediction of the unknown concentrations of MB and SU in their mixture. The numerical values were calculated by using Matlab R12 version 6.0 and Origin 5.0 software. The procedures do not require any separation steps. These two methods were successfully applied for assaying the pharmaceutical formulation, of Colona tablets.
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Sample preparation
Twenty tablets were accurately weighed and powdered in a mortar. An amount of the tablet mass equivalent to one tablet was dissolved in about 60 ml methanol and filtered in a 100 ml measuring flask. The residue was washed three times with 10 ml methanol; then the volume was completed to the mark with the same solvent. This solution was diluted five times with 0.1 M HCl.
Procedure
For the first derivative of the ratio spectra method 1 DD. For MB, the absorption spectra of the solutions prepared at different concentrations (4 -40 µg/ml) in its binary mixture with SU were recorded against 0.1 M HCl and divided by the spectrum of the standard solution of SU (6 µg/ml in 0.1 M HCl). The ratio spectra were thus obtained and smoothed; the first derivative of the ratio spectra were then calculated. The amount of MB can be determined by measuring the first derivative signal at 263.7 nm. A similar procedure was followed for the different concentrations of SU (1 -10 µg/ml) when MB was constant (20 µg/ml in 0.1 M HCl). In the same way as described above, the content of SU was determined by measuring the first derivative signal at 234.9 nm. Detection limits. In accordance with the formula given by Miller, 26 the detection limit is 3s/k, where s is the standard deviation of replicate determination values under the same conditions as for the sample analysis in the absence of the analyte and k is the slope of the calibration graph.
For classical least squares method (CLS).
In the CLS method, the concentration data matrices were prepared by using different concentrations of pure drugs in 0.1 M HCl. The absorbance data matrix corresponding to the concentration data matrix was obtained by the measurements of absorbances in the range 200 -300 nm in their zero order spectra; then calibration was obtained by using the absorbance data matrix and concentration data matrix for the prediction of the unknown concentrations of MB and SU in synthetic mixtures and commercial tablets. The numerical values were calculated by using Matlab R12 version 6.0 and Origin 5.0 software. Calibration is based on a set of n samples of known concentrations for which the spectra are measured. By means of the calibration sample set, estimation of absorptivities is possible by solving the matrix K according to the general least squares solution:
where C is the calibration matrix; A is the absorbance matrix; C T is transpose of the matrix C. The analysis is then based on the spectrum a0 of the unknown sample by using the equation:
where c0 is the vector of predicted concentrations and K T is transpose of the matrix K (K is the matrix of absorptivities).
Results and Discussion
The UV spectra of MB (16 µg/ml), SU (4 µg/ml) in 0.1 M HCl and their mixture are reproduced in Fig. 1 . It is clear that the spectra of the two drugs display considerable overlap; hence, the direct UV absorption measurement for assaying the binary mixture seems to be difficult.
DD method
For determination of MB, the UV spectra of MB standards of increasing concentrations in 0.1 M HCl in its binary mixture with SU were divided by the spectrum of 6 µg/ml SU solution in 0.1 M HCl; the spectra obtained were smoothed and their first derivatives were calculated (Fig. 2) .
As seen in the figure, there exist three maxima (255.9, 263.7 and 270.7 nm) and three minima (261.2, 266.4 and 273.1 nm). We found that measured signals at these wavelengths are proportional to the concentrations of the drug. In the synthetic mixtures, the mean recovery and the standard deviation were found to be 105.62 ± 1.27, 100.80 ± 1. 25 the synthetic mixtures and commercial Colona tablets due to its low standard deviation value and suitable mean recovery; similarly, for determination of SU, UV spectra of SU standards of increasing concentrations in 0.1 M HCl in its binary mixture with MB were divided by the spectrum of 20 µg/ml MB. The ratio spectra obtained were smoothed and their first derivatives were calculated (Fig. 3) . In these spectra, one maxium 234.9 nm and three minima 240.2, 245.5 and 216.9 nm were found.
The measured signals at these wavelengths are proportional to the concentrations of the drug. In the synthetic mixtures, the mean recovery and standard deviation were found to be 99.22 ± 1.56, 94.58 ± 1.95, 100.91 ± 2.32 and 102.25 ± 2.77 for peaks at 234.9, 240,2, 245.5 and 216.9, respectively. We selected the 234.9 nm maxima for determination of SU in the synthetic mixtures and commercial tablets due to its lower standard deviation value and suitable mean recovery. In order to determine the divisor concentration, we assayed different concentrations over the range 4 -40 µg/ml for MB and 1 -10 µg/ml for SU. Then, 6 µg/ml SU and 20 µg/ml MB were chosen as optimum values; the ∆λ found as optimum for the first derivative of their ratio spectra was 4 nm. Calibration graphs were established for standards containing 4 -40 µg/ml MB at 263.7 nm and for standards containing 1 -10 µg/ml SU at 234.9 nm. A critical evalution of the proposed method was performed by the statistical analysis of the experimental data; regression curves were obtained by the least squares method. The obtained slopes, intercepts and correlation coefficients r are summarized in Table 1 .
The correlation coefficients were 0.9998 and 0.9995 for MB and SU, respectively, indicating good linearity; standard deviations of the methods were found to be satisfactory. The detection limits of the proposed methods were calculated; 26 the calculated detection limits are 0.72 and 0.34 µg/ml in the determinations of MB and SU, respectively. In order to demonstrate the validity and applicability of the proposed method, we performed recovery studies by analyzing synthetic mixtures of MB and SU which reproduced different composition ratios; the results are summarized in Table 2 .
CLS method
In this method, the concentration data matrices were prepared by using different concentrations of pure drugs in 0.1 M HCl. The absorbance data matrix corresponding to the concentration data matrix was obtained by the measurements of absorbances in the range 200 -300 nm in their zero order spectra; then calibration was obtained by using the absorbance data matrix and concentration data matrix for the prediction of the unknown concentrations of MB and SU in synthetic mixtures and commercial tablets. In order to demonstrate the validity and applicability of the proposed method, we performed recovery studies by analyzing synthetic mixtures of MB and SU which represent different composition ratios; the results are summarized in Table 3 . The predicted concentrations of the components in each sample were compared with the known concentrations in this sample and the standard error of prediction (SEP) was calculated using the following equation:
Here Ci Added is the added concentration of the drug, Ci Found is the predicted concentration of the drug and n is the total number of synthetic mixtures.
The standard error of prediction (SEP) values were acceptable (Table 3) . Also, the standard error of calibration (SEC) was calculated using the relation:
where Ci Added is the added concentration of the drug, Ci Found is the predicted concentration of the drug, n is the total number of synthetic mixtures and p is the number of components in the mixtures. The standard error of calibration (SEC) values were also found acceptable: 0.344 and 0.100 for MB and SU in case of the 1 DD method (Table 2) , 0.309 and 0.137 in case of CLS method (Table 3) .
Application
The two proposed methods were applied to the determination of MB and SU in Colona tablets (100 mg MB and 25 mg SU). Satisfactory results were obtained for the recovery of both drugs (Table 4 ) and were in good agreement with label claims. Results indicate that there is no interference from the excipients used in the formulation of the tablets. As the dosage form of MB and SU is not pharmacopoeial yet, the results obtained by using the two methods were compared with published results obtained using UV first derivative reference method. 25 Student t-and F-tests (at 95% confidence level) were applied. 27 The results (Table 5) show that the calculated t-and F-values did not exceed the theoretical values.
Conclusion
The two proposed methods have the potential for applications in quality control laboratories as they permit simple (as there is no need for solvent extraction), rapid, precise and accurate simultaneous determination of MB-SU mixtures in their pharmaceutical formulations. While the 1 DD method has greater sensitivity and accuracy, the easier treatment of the data by using CLS method makes it preferable to the 1 DD. This is also true because CLS uses only zero order spectra in the procedures and has no need for any other mode, such as derivative mode in the instruments; but who need a software for the mathematical calculations. 
